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ILC IEBERZE (LCVEBXATHE) - HEETIL

¥ Premium (FL 7L : TDR B 0D R AR EME)

» Value Premium: 26%, Labour Premium: 24%

BAMBRE  JLIFLS AME
CIANEER) (HEF)  (EBAR)

Value Value Value Value Value Value Value

Site Shared Total Total Prem.: Prem.:
specific 26% 26%
(BILCU) (BILCU) (Ratio) | (BILCU) | (BILCU) | converted converted
(B1Y) ®1Y)
RDR-2007
Converted w/ (1) 6.31 739 24.4
117Y/$
o @) 7.27 877 24.4
TDR-
TDRIIR M (GDEfERL) ey 1.50 6.28 (123 7.78
BATETEELISE TDR-AS 1.76 6.23
IZHE Y (PPPILE) (pPP) (os/127v/s)  (127v/9) w2 7.98 2.04  967* 251 22.9 5.5
=] *F%E#ﬂﬁ(@%ﬁéﬁg CFs éfg)
L5 &CBNE ) | TDR-AS 1.76 f
@ 100 JYen/USD (EX-a) et 8 (126) | 7.98 830 216 229 55
@ 115 JYen/Euro (8,300f8F) (2,16008F) (1,598fF) (334{EF)

H =1 ‘ Notes; *TDR Cost: PPP indices used for TDR-Value to Convert to JYen (Jan. 2012)
SRF (xiﬁ = 0)%"“) - JY per USD: 127 (non-civil-construction) , 109 (civil-construction)
- JY per EU: 137 (non-civil-construction), 116 (Civil-construction)

A.Yamamoto, 2014/10/20 ILC-TDR, SCRF Cost Study 4



From TDR_Cost_ver4’-130605b/.pptx

A2: ILCTDR Cost : Conversion to Japanese Yen using a model

3 Premium (Uncertainty in TDR value/labor estimate, and to be
prepared for unknown situation)

TEMELTERDNEHE: 2R AR PHRBLYFOHETICHS
» Value Premium ; 26%

» Labour Premium; 24%

. .

Value Value Value Value Value Value Labor

Shared Total Total Prem.: Prem.:
26% 26%
(BILCU) | (Ratio) | (BILCU) | (BILCU) | converted | converted | (M p-hr)
(BJY) [(:1)%)
RDR-2007
Converted w/ (1) 6.31 739 24.4
117Y/$
RDR-2012
e (115 7.27 877 24.4
TDR-
TOR cost by GDE) =) R . 150 628 2 778
Costbasedon PPP g OF S 176 623 1y 798 204 967* 251 229 55
(full production in Japan) (ppp) (109/127¥/8)  (127¥/$)
3.47
(3.4765)
Cost base on exchange rate TDR-AS 1.76 (100¥/$)
Using a model at - (Ex-a) woop2rvs) 2,75 G20 | 7.98 safo?;)p] 21 (1 529§£H) >
1USD=100Yen, 1Euro=115Yen x]";f/::; @ ) (2,160{8M) (384{8M)

Notes; *TDR Cost : PPP indices used for TDR-Value to Convert to JYen (Jan. 2012)
JY per USD: 127 (non-civil-construction) , 109 (civil-construction)
JY per EU: 137 (non-civil-construction), 116 (Civil-construction)

2014/10/18/AY ILC Project-Cost Overview 5



ILC Accelerator Cost Fraction

Non L-band RF
1%

Area system

Controls and inrumertaton 2o 2nd 2™
Computing 1% ‘il% /

Infrastructrure
6%

specific
1%

Magnets and
Power Supplies
6%

Installation

ILC Accelerator Cost for
Asian Site: 7.98 BILC

CES:29 %
Civil:  ~18 %
Others: ~ 11%

SCRF 53 %
Cavity & CM : ~ 35 %
Cryogenics: ~8 %
HLRF: ~10 %

A technical model for studying specially on industrialization/mass-production scale;
- Host Country: CFS~ 100%, SCRF ~ 30 % -> Total fraction ~ 50 %

I

A.Yamamoto, 2014/07/28 ILC-TDR, SCRF Cost Study




,"’": ILC-TDR Accelerator Parameters

C.M. Energy 500 GeV
Peak luminosity 1.5 x10% cm2s-"
Beam Rep. rate S5Hz
Pulse duration 0.73 ms
Average current 5.8 mA (in pulse)
Av. field gradient 31.5 MV/m +-20%  seamppe hetank

Q, = 1E10 e ol e
#9-cell cavity 16024 (x 1.1) | s, ﬁ'@ﬁk\ﬂ KX
# cryomodule 1,855 2R Wil o
# Klystron ~400

Construction Period for Cavity and CMs
- Preparation + Full-production: ~ 6 years




:]o Cavity/Cryomodule Fabrication
v ZoiE -CMO) B &

p
Purchasing Material/Sub-component ‘

Manufacturing Cavity : #4410 T ‘

Processing Surface : 5= @ UL ‘

Assembling LHe-Tank : #Hd 3T ‘

Qualifying Cavity, 100 % : #£££574i |

{ Cavity String Assembly : Z;&E22FA#HT ‘

‘ Cryomodule Assembly:: CM #H3Z

Qualifying CMs, 33 + 5 % : C\I%B2574i




,'Ip SCRF Procurement/Manufacturing Model

Regional
Hub-Lab:
A

- HEGHRAE
C AEEREEE
- R M AT

Regional
Hub-Lab:
B

Regional hub-laboratories
responsible to regional
procurements to be open for any
world-wide industry participation

A.Yamamoto, 2014/10/20

ol R S 6 B

H
—————— . T

:' Technical Cdordination \:

__________________ . Regional
Hub-Lab:
E & ...

World-wide
Industry responsible to
‘Build-to-Print’
manufacturing

Regional
Hub-Lab:

Regional Hub-Lab:
C: responsible to
Hosting System
Test and Gradient
Performance

______________ : Technical
coordination link
=P : Procurement link

ILC-TDR, SCRF Cost Study



Progress in 1.3 GHz 9-cell Cavity Production

year Capable Lab. Capable Industry
2006 1 2
DESY ACCEL, ZANON
2011 4 4
DESY, JLAB, FNAL, KEK RI, ZANON, AES, MHI,
2012 5 5
DESY, JLAB, FNAL, KEK, RI, ZANON, AES, MHI, Hitachi
Cornell

- One Lab (2 vendor) in 2006, and
- 5 Llab (5 vendor) in 2012 may handle it

2014/08/26, A. Yamamoto ILc
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> Preparation for = Production Technology R'\n
Industrialization :
2009: Visit Venders (2009) :

Communication with 2010 -2011: Organize Workshop (2010) .
industry: 2011: Send specification & receive response :
2011~2012: Specific study w/ qualified companies in contracts |/

P T

sl SCRF R&D and Industrialization Study

ML

Year

2008

2009

2010 2011

2012

Phase

TDP-2

Cavity Gradient in v. test
to reach 35 MV/m

- Yield 50% - Yield 90%

Cavity-string to reach
31.5 MV/m, with one-
cryomodule

Global effort for string

assembly and test
(DESY, FNAL, INFN, KEK)

71

System Test with beam
acceleration

FLASH (DESY) , NML (FNAL)STF2 (KEK)

_______________________________________ -~

<




T aXFMEEOTOEX
T

2008  BBEFES> TEIETREREXRAFEHDEKE  P.C.: LCWS-2008 (Chicago)
~2010 - “Plug-Compatibility” ZZAELI=-EE24E

2009 TEFM-ERXEE-OXMEE (EERTE)  Hitachi, MHI, RI, Zanon,

~ 2010 AES, Niowave, PAVAC

2010 [EfR %5 TDIndustrialization Workshop(s)®  2010: IPAC-2010

~2011 FAfE. RELOAR-ERRME 2011: SRF-2011

2011 EGLEEIHM. BERXH AR 19%t

~2012 T EALHRET (3249) - aXNEEE Cavity: RI, MHI,
CM: BN, Hitachi
QMag: Toshiba

2012  TDR ~MIREHh TDR and Cost Estimate
Document

2013~ Project #{if: THEALHifir. REILFRET. #REE  In progress

A.Yamamoto, 2014/10/20 ILC-TDR, SCRF Cost Study 13



Plug-compatible Conditions

?‘«s,
s ‘b

Item Variation TDR Baseline
Cavity shape TESLA / LL TESLA
Length Fixed
Beam pipe flange Fixed
Suspension pitch Fixed
Tuner Blade/ Blade
Slide-Jack
Coupler flange 40 or 60 40 mm
(cold end)
Coupler pitch Fixed
He —in-line joint Fixed
Magnetic shield Inside/outside | Inside

Plug-compatible interface established

ILC-TDR, SCRF Cost Study




:l Communication w/ Industry
o in 2009.- 2011

ilp  Visits to SC Cavity Manufacturers in
1 Global Industry: 2009

RI (ACCEL),
ZANON

Americas

AES

NIOWAVE Notes:

PAVAC AES: Advanced Energy Systems.

RI: Research Instruments (previously, ACCEL)
MHI: Mitsubishi Heavy Industries.

M A Satellite Meeting at IPAC-2010

SCREF Cavity Technology and Industrialization

Date May 23, 2010, a full-day meeting, prior to IPAC-2010
Place: Int. Conf. Center, Kyoto, Japan

Organized by:  ILC-GDE Project Managers,

Visits to Industry in 2009

Twice Industrial Workshops:

Industry invited

EMNIZERED2@ICERD—9av )

ERRBZF#E : 2010~2011

A.Yamamoto, 2014/10/20

ILC-TDR, SCRF Cost Study

A The 2" workshop on SCRF
1L Technology and Industrialization for the ILC

YA

as a satellite meeting of SRF 2011 M‘,J
- Date:  July 24, 2011
Place: Chicago
« Agenda:

- Introduction

~ Reports from SCRF cavity/cryomodule industry

— Reports from SC material vendor

— Comments from Potential Regional Hub-laboratory

— Discussions on the ILC SCRF industrialization model
* Note:

- Open for everybody,

— Many Industrial participations acknowledged




e

=T Jcompuny |

1 2009~2012
2 2009~2012
3 2009~2012
4 2011~2012
5 2011

6 2009 - 2011
7 2009~2012
8 2009~2012
9 2009-2011
10 2009, 2012
1 2011

12 2011

13 2011

14 2011~2012
15 2011~2012
16 2011

17 2012

18 2012

19 2013

A.Yamamoto, 2014/10/20

Hitachi
Toshiba

MHI

Tokyo Denkai
OoTIC

Zanon

RI

AES

Niowave
PAVAC

ATI Wah-Chang
Plansee

SDMS

Heraeus
Babcock-Noell
SST

Toshiba Electron-Tube

Thales
Wuxi City Creative

Chemical Equip. (CX)

Tokyo (JP)
Yokohama (JP)
Kobe (JP)

Tokyo (JP)
NingXia (CN)
Schio (IT)

Koeln (DE)
Medford, NY (US)
Lansing, MI (US)
Richmond, BC (CA)
Albany, OR (US)
Ruette (AS)

Sr. Romans (FR)
Hanau (DE)
Wurzburg (DE)
Maisach (DE)
Nasu (JP)

Velizy Villacoublay (FR)

Wusxi (CN)

Communication with Industry, in 2009-2013
1 EEM - TRILRE G
| Place |

Technical subject

Cavity/Cryomodule (CM)
Cavity/CM, SC Quadrupole
Cavity / CM

SC Material

SC Material

Cavity/CM

Cavity, Coupler

Cavity

Cavity/CM

Cavity

SC Material

SC Material

Cavity

SC Material

CM assembly

EBW

HLRF (Klystron, Coupler)
HLRF (Klystron)

CM / Cryomodule components
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URL site:
prepared for

visiting
SCRF Cavity
Manufacturers

HBOHHA FMEEZERL,
JANREE Y Z2KHE

ILC Global Design Effort Project Manager visit to SCRF ca...

,',’{: international linear collder

http://www_linearcollider.org/cms/ ?pid=1000¢

ILC Global Design Effort Project Manager visit to SCRF cavity
manufacturers

February - March 2009

In early 2009 the ILC Global Design Effort Project Managers (Akira Yamamoto, Marc Ross, and Nick Walker)
visited and were graciously hosted by many of the world's top superconducting RF cavity manufacturers. The
objective of the visit was to:

1L

2 C GDE

3. Request further industrial R&D efiort, particulary to improve “eld gradient’ and “cost effective producton” in order to prepare.
for the industrializaion (mass production).

4

This web page is intended to capture the material presented to vendors and to include key references.

(pdf, SMb)
‘Akira Yamamoto, Marc Ross, and Nick Walker - Project Managers for the ILC Global Design Effort, material
presented to each of the SCRF cavity manufacturers.

Superconducting RF Cavity Development for the International Linear Collider (pdf, 4Mb)
Akira Yamamoto for the ILC Global Design Effort, paper presented at Applied Superconductivity
Conference 2008 (ASC 2008).

Global RED effort for the ILC linac technology (pdf, 4Mb)
“kira Yamamoto for the ILC Global Design Effort, paper presented to EPAC 2008.

Reference Design : " ILC Research and
Report Development Plan for
the Technical Design
Download the full report Phase

Volume 3 - Accelerator:
Download the pdf (20MB)

Download the pdf

(Last updated: 25 February 2009)

A.Yamamoto, 2014/10/20

ILC-TDR, SCRF Cost Study
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* Industry: manufacture/vendor > & &E(ZEE
— Fabricate components based on “build to print”
specification:
* Minimizing risk in industrial cost and maximizing cost-
effective mass production

* Laboratory (Hub-laboratory) = “M48EIZF1E”
— Qualify components, such as cavities, and
cryomodules,
* Requiring major test facilities
— Responsible for the performance of the deliverables
to the ILC host-laboratory

A.Yamamoto, 2014/10/20 ILC-TDR, SCRF Cost Study



_’ A Model for Cavity and CM

/e Production and Qualification Process
v BEE 5 S A AT 1— )L B & AR

Step hosted Industry Industry/ Hub- ILC Host-

Laboratory laboratory laboratory

Regional constraint no yes or no yes yes

Sub-comp/material Nb, Ti, specific Procurement

- Production/Procurement comp. ... >
9-cell Cavity 9-cell-cavity, [ =
- Manufacturing Process, Procurement

GENECEEN ——————————

Cold, gradient
test

9-cell Cavity
- Performance Test

Cryomodule component V. vessel,
- Manufacturing cold-mass ...

Cryomodule/Cavity Cav-string/
- Assembly CM-assembly

SCRF Cryomodule
- Perofrmance Test

Cold, gradient
test

L Accelerator
sys. Integ

Accelerator integration,
Commissioning

A.Yamamoto, 2014/10/20 ILC-TDR, SCRF Cost Study 19



FERAT (B5) : BE - TRALBAMFAFEISE N

Press Trim

N
P f‘-
SST)EBOCAM KS*T10

G150kM d
Chamber (St. St. cha%

AMADA digital-survo-press MORI VKL-253

SDE1522 Vertical CNC lathe
150t, 50stroke/min, — .
225mmstroke — l‘ =

Chemical
process

A.Yamamoto, 2014/10/20 ILC-TDR, SCRF Cost Study



n
E’. LINEAR COLLIDER COLLABORATION "b

KEK (in-house) 9-Cell Cavity (KEK-01)
completed, and tested, April, 2014

Reached 36 MV/m at Q.= 7 x10° at the first | . ,
vertical RF Test at 1.9 K, Apl'", 2014 Eace [MV/m]
1BHT, ILC BRE (1FIF) ER

A.Yamamoto, 2014/10/20 ILC-TDR, SCRF Cost Study 21




N. Walker
@. LINEAR COLLIDER CDIA.B Tl Hz - II VI R n r "b

Solid high-grade niobium

. >
1.3 GHz nine-cell RRR 2300
niobium resonator High-power
(cavity) coupler port

Mechanical fabrication
* deep drawing

« electron-beam welding || Following
EXFEL cavity
Surface preparation “biuld-to-print”
A HOM coupler + electro-polishing Specification,
Tank bellows » High-pressure rinsing as reference

2-phase He supply pipe

Invar rod clamping pin . 800 deg C bake
High-power
coupler (cold part)

v Cavity package:
. ;' +  HOM couplers (x2)
Roller pad support . Magnetic shield
2K Li He tank * High-power input coupler

B Tuner support rings * Ti-Nb Helium tank (cryostat)
- « Mechanical tuner
Ultra-Clean Environment
Required for assembly
A.Yamamoto, ILC-TDR, SCRF Cost Study 22
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Courtesy:W. Singer

:]p» Reference for Cavity Specification
UL RO SERE B (EMEE)

» Technical guideline for ILC-GDE TDR and the cost estimate:

— referring Specifications for EXFEL1.3 GHz Cavity, issued by DESY: acknowledged!
EXFEL/001 and associated documents :Rev.B, June 2009, by courtesy of W. Singer (DESY-XFEL)),
The reference specification is available with ILC-GDE PMs, under permission of W. Singer (DESY-XFEL)
« URL: http://ilcagenda.linearcollider.org/event/ILC-SCRF-TR

YRR

VALID DOCUMENTS
FOR THE

SERIES MECHANICAL

FABRICATION
or
SUPERCONDUCTING 1.3GHZ
CAVITIES
FOR THE
EUROPEAN XFEL

XFEL/001)

REVISION B / JUNE 23, 2009

Pr———

S

BER—IICRAFME
EFFBEALOGEREZEEE LT
L REE VR Z KR

A.Yamamoto, 2014/10/20 ILC-TDR, SCRF Cost Study 23
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."P Cavity and CM Industrial Studies: contracted
UL in 2011-2012 (GREN: 22#% £S5 B EIRNMEET)

Company | Mass Contract
production funded by
model
Cavity RI 100% >50% DESY Entirely new approach
for mass production
AES 20 % DOE/Fermilab Extension of current
production model
MHI 20, 50, 100% KEK
Quadrupole Toshiba  100% 250 % KEK Entirely new approach

Conduction cooled magnet

CM & assembly  Hitachi 20, 50, 100% KEK
AES 25% DOE/Fermilab

BNG 100%>33 % CERN Entirely new approach

EXFEL experience kindly informed, in parallel, by DESY/INFN, CEA/Saclay

A.Yamamoto, 2014/10/20 24




:lr  Study History and Our Proposal

o Tesla, ILC-RDR, TDR A D#5HE:8

| |Tesla______|ILC-RDR ILC-TDR

Regional/Global DESY centered

effort
Sub-components Rely on world-

wide market
9-cell cavity Single vendor
mechanical fab.  ( B#% )
Cavity Tested at DESY
performance test
Cryomodule To be
component understood
Cryomodule Single vendor or
assembly contract
Cryomodule Tested at DESY

performance test (1/3 test?)

A.Yamamoto, 2014/10/20

Based on global
contribution

Rely on world-wide
market

Single vendor

(EER)

Tested at ILC host-
lab

Toe be understood

Single vendor or
contract

Tested at ILC host-
lab (1/3 test)

Based on global
contribution

Rely on world-wide
market

Two vendors
assumed (&%)

Shared w/ hub-
laboratories

Two vendors
assumed

Three vendors
assumed

1/3 of CMs to be
tested, and shared w/
hub-laboratories

25



IPAC14: Courtesy: H. Weise

1 I8 100 s.c. Modules for the European XFEL

European

XFEL] An Accelerator Complex for 17.5 GeV

100 accelerator modules

Some specifications

Photon energy 0.3 - 24 keV
= Pulse duration ~ 10 - 100 fs
= Pulse energy few mJ
Superconducting linac. 17.5 GeV
= 10 Hz (27 000 b/s)

800 accelerating cavities
1.3 GHz / 23.6 MV/m

25 RF stations
5.2 MW each

E-XFEL: under construction ‘
800 Cavities under production (at RI, Zanon) , and assembled / Tested at CEA-Saclay, C

IPAC Conference — 18 June 2014 w9 @ e
Hans Weise, DESY L . "



IPAC14: Courtesy: H. Weise

I 100 s.c. Modules for the European XFEL

European

XFEL] An Accelerator Complex for 17.5 GeV

100 accelerator modules

Some specifications

Photon energy 0.3 - 24 keV
Pulse duration ~ 10 - 100 fs
Pulse energy few mJ
Superconducting linac. 17.5 GeV
= 10 Hz (27 000 b/s)

800 accelerating cavities
1.3 GHz / 23.6 MV/m

25 RF stations
5.2 MW each
- - I

EXFEL: 1/20 Scale PrOJect on gomg, Industrlallzatlon being verifi

-

IPAC Conference — 18 June 2014 09 @ weooun:
Hans Weise, DESY L . Y



IPAC14: Courtesy: H. Weise
[
ilp

o SCRF Cavity Production

XPEL| cavity Delivery Status as of 6/2014

cvsnr. to DESY
a0

350 8 cavities
per week
- !
P
- -«7‘%’
i ot
20 ) "nﬂ". v
- L T [ T Lt
50 1 ."
\ [ ]
. RaEa
&

= Gradients in average above specification Kalmost 300 cavities tested)]
= Average usable gradient after delivery (26.8 = 7.1) MV/m
= 2/3 of cavities can be used w/o further treatment

= 1/3 is getting additional treatm. ->[usable grad. increased to (29.6 = 5.1) MV/m

2014.6: # cavities produced > 300. Usable Gradient: ~ < 30 > MV/m

2014/08/26, A. Yamamoto 28



IPAC14: Courtesy: N. Walker

,",',': SCRF Cavity Production

ILC TDR acceptance.

XFEL usable
gradient (FE limited)

Maximum field

XFEL industrial
production following
ILC baseline process

10 20 30 40 50
Gradient MV/m

= Gradients in average above specification [(almost 300 cavities tested)]
= Average usable gradient after delivery (26.8 = 7.1) MV/m
= 2/3 of cavities can be used w/o further treatment
= 1/3 is getting additional treatm. ->[ usable grad. increased to (29.6 = 5.1) MV/m

2014.6: # cavities produced > 300. Usable Gradient: ~ < 30 > MV/m

2014/08/26, A. Yamamoto ILC 29



Relative cost per cavity

HBInEMZEZE R TEEaRMEED HEFR

300%

250%

200%

150%

100%

50%

‘ TDR: Vol. 31, 15.7.1 }

For the sum of these major cost drivers for an 8-cavity cryomodule with quadrupole, the TDR

estimate is abouﬁ 72% of the actual EXFEL |procurement cost; that is, a reduction of 28 %. About

100 1000 10000

A.Yamamoto, 2014/10/20 ILC-TDR, SCRF Cost Study 30




Relative cost per cavity

HBInEMZEZE R TEEaRMEED HEFR

300%

250%

200%

150%

100%

50%

SRRE:
L 72 [ B30 Z 3 (Coupler, Tuner,
. H-Vessel, Mag. Shield )& & &
s TERBDIRENEL
- TDR D ERY AR

‘ TDR: Vol. 31, 15.7.1 }

For the sum of these major cost drivers for an 8-cavity cryomodule with quadrupole, the TDR

estimate is abouﬁ 72% of the actual EXFEL |procurement cost; that is, a reduction of 28 %. About

100 1000 10000

A.Yamamoto, 2014/10/20 ILC-TDR, SCRF Cost Study 31
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1.3 GHz 9-Cell Cavities/Resonators

1.3 GHz nine-cell
niobium resonator High-power
(cavity) coupler port

A HOM coupler

Tank bellows

2-phase He supply pipe

Invar rod clamping pin

High-power
coupler (cold part)

b

Roller pad support
2K Li He tank

Juner support rings

Solid high-grade niobium
*  RRR 2300

Mechanical fabrication
¢ deep drawing

¢ electron-beam welding

Surface preparation

* electro-polishing We need
+  High-pressure rinsing to look at these,
* 800 deg C bake now

CaV|ty package:
HOM couplers (x2)
¢ Magnetic shield
* High-power input coupler
* Ti-Nb Helium tank (cryostat)
* Mechanical tuner

A.Yamamoto, 2014/07/28 ILC-TDR, SCRF Cost Study 33



SRDARE

o [HiDHEE8E S 1=, Cavity Integration D AR FEEAIERE
- TRAKDOLADHBOEE (NI)IRMIFELRIL,
— Cost Effective IRERET AR OLND,

* Cavity Integration 1.00
- BIZEMH 0.2x
o ZERARK 0.1x
s ERREmNE: 0.2x
« h75—: 0.2x
s Fa—F}—: 0.0x
* He&EE%: 0.0x
s BRI —ILE: 0.0x

A.Yamamoto, 2014/10/20 ILC-TDR, SCRF Cost Study



S1-Global hosted at KEK:
Global cooperatlon to demonstrate SCRF system

March,2010 ' DESY,May, 2010 June, 2010 ~

A.Yamamoto, 2014/07/28 ILC-TDR, SCRF Cost Study 35



H.Hayano

S1-Global Cavity Packages .
Fa—F BB
IURBH RS HE SEACEAL

TESLA-XFEL cavity

TESLA-ILC cavity

Lever-arm tuner

DESY cavity

Blade tuner

FNAL cavity

TTF-IIl coupler TTF-ll coupler

BRI EOREE.ICOBEREER TEBLEMEIRER

5lEHL

TESLA-like KEK cavity TESLA-like KEK cavity

Slide-jack tuner (center) Slide-jack tuner (end)

KEK-type1 cavity

FRHATF—):
¢ STF-2 ER&IZAO—X%L)

KEK-type2 cavity

STF-2 coupler

ILC-TDR, SCRF Co 36



Cavities, Tuners, Couplers in S1-G Cryomodule

Blade Tuner (INAFNIFNAL) Saclay Tuner

(DESY)

TTF-Ill Coupler
(DESY/FNAL/SLAC)

STF-Il Coupler (KEK)

A.Yamamoto, 2014/10/20 ILC-TDR, SCRF Cost Study 37



Scope of the Industrial study to be further made

How?
¢ Analytical cost study, based on EXFEL CM assembly specifications and Work Break-down Structure (WBS)
. But including ILC specificities (see below)

XFEL 13

Configuration: 8 cavities + 1 quad. pkg. in the fType A: O cavities 1
end. Type B: 8 cavities + 1 quad]

kg. In the center,

Cryomodule length: 11142 mm 11802 mm

Quad. pkg. spacing: 1384 mm 1327 mm

Cavity length: 1256 mm 1247 mm

Cavity Magnetic shield: Outside LHe tank Inside LHe tank

Tuner-type and location: Double lever type at end of fBlade-type at  middle o
cavity cavit

Quadrupole magnet

Type: Super-ferric

Coil length: ~200 mm =~T000 mm

Magnet weight: ~100 kg ~ 400 kg

Cooling: LHe bath cooling nduction coolln

Assembly with cavity string: | in clean room outside clean room

5 K radiation shield Included Optionally removed |

ERaRE@ER):
e Coupler: STF > TTF-Ill coupler (XFEL)

e Tune/He-V: S-Jack >>Blade >> Lever (XFEL)
¢ Mag. Shield: Inside > Outside (XFEL)

e —
g
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XFEL vs ILC Cryomodule

* 12652 mm >

| 300mm diam gas return pipe location of conduction-cooled
/ILC Type IV (Type B) quadrupole

353 mm
-

superferric bath-cooled
quadrupole

11992 mm
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ilp _Cavi -
Hth Inter-Cavity Spacing

ILC Type-IV XFEL

105><€82><105

292

Reduction in inter-cavity spacing =61 mm
Bellows: =108->82 =26 mm
“Long” cavity end =140>105 =35mm
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LCLS-II Cavity: a Tuner Design Option
to be investigated

LCLS Tuner design covering the beam

pipe flanges, overcoming a constraint
with a shorter beam pipe

¢ On the other hand, motor access-
ability need to be figured out

SNS: SRF Tuner access-
ability demonstrated
4
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ILC Project Cost Overview

ILC EHE-aRFRFLY ()

+ Overall project cost for 500 GeV: (500 GeV NiRzFEH
— including preparation, construction, and operation,
- BUIEB %k, BH%.&&K, (FyTIL—F)
— Values converted to JY (with a model: 1 USD=100JY, 1EU = 115 JY),
— Human resource (labor cost) converted JY TBD

(with a model: 9,000 ~ 5,000 JY per hour, and 1,700 working hours per year).

Global cost sharing shall be discussed based on the world-wide overall cost
E#GT OO oMEaRRELYEA—X(CEE BB

*  Concerning the preparation, CEfFERFE(ZDLNT)

— Pre-preparation for 2 years before decision given be carried out by existing R&D budgets, (not
included in the overall project cost)

FIETHT O F WS EREREE . REOEGRMEAFEFE. AETHMEAZKZRIRT S
(FEPzIbaRb—BITF, EFLLY

Officiall preparation for 4 years after the decision be carried out with a new budget authorized
for the ILC preparation,

AXGEFBHR BRICO R (SE F-G 70D OERBEEL. —BIZET
(ZhETO BfEARFE- A L TOC I ERO—HICHAEZLND)
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ILC Project Overview:
PAEPZ 27l Y7 X

TDR baseline Scenario

1-2 Pre-preparation for 2yrs (for technical effort continuity)
RIERRE - IR AR DR (24
3-6 Preparation (4 yrs)
ILC EER~ D EE (R ER P (44F)
7-15 Construction (9 yrs)
5% (95F)
(12-) (start installation)
#HAAH DR
(13-) (start preparation for Commissioning and operation (to be studied)
BERIS (RO BRFERILS LIS (R E)
16 - Beam Commissioning start
E—L33yia=vy
17 - (30) Operation at 250 ~ 500 GeV (550 GeV)

PIREER 8250 ~ 500 GeV (550 GeV)

TBD Toward 1 TeV upgrade
1TeV 7yF 5 L—K
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ILC Project-Cost Overview (at 500 GeV)

(V-1410120

Accelerator + CFS
(for 4 yrs)

Lab. Support.
- land, Load, Lab ...

Detectors

Accelerator
(Acc. Equipm. + CFS)
TDR values

Lab. Support
Safety, Computing, etc

Det. Constr
(for 9 yrs)

Acc. + CFS Operation

Det. Operation

2014/10/18/AY

Value
108 )Y

TBD

TBD

TBD

8,309
(5,709+2602)
7.98 BILC]

IBD

SiD: 315
(315 MILC)
ILD: 451

392 MILC]

390
(390 MILC)

TBD
TBD

Uncertainty

26%

40%

TBD
TBD
TBD
2,160 22.9M
18D
+127
(+/-48)
156
TBD
TBD

ILC Project-Cost Overview

Human Resource

[(213]

(13,471)

(748)

(1,400)

(850)

Uncertainty Value+HR Range
(-/+) 108 )Y 108y
%, Y

TBD
TBD
TBD
1598  24% 384 9,907 7,363 ~
12,451
TBD TBD
89 315489
=404 404531
150 4514150
=601  (553+649)
01 25% 25 491 TBD
TBD
TBD

45

Al

Al

A2

A2

A2

A3



FED

o TORJIMLEF[IAMHEDEED:
- IEF(RUMER) EE
o WMHE (~8,300) +FHFEE(~1,600) = ~9,900 EM+/-~25%

- BE(+HEE)RE. EXT
« Y& (390+/- TBD)+ 5775 & (100 +/- TBD) =490 {8 +/- TBD

o IERFBIZERERE(L. IERBED~2/3ZHHTILVS,
- ZODIBE(LRDR TOHE (EEL T, 7AYHOWHEFR CTOIM) ICKE7
FThLRTHEEEIZH, FOSEE. 2ASTEICHLTIE, x 1/3 D RICHEH S
ha,

o IL(ZEME A DOAREHBEIZDOWTIE, % BEASIIYEAZTHA
FIEKREA R, FIERIHMET 28 GELR) ZIEETLY,
— XFE-ILC-TOREBEIMEEME TOERRARBLERZRIZ. [FHROFHIZDOVNT. &
HRETEV-SA T, CHRESETIELCEIZTEE. CHhEHSEUOERLET,
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Appendix



SCRF Linac Technology

Two-phase He % q,y
pipe\ - H

Beampipe  LHe tank HOM coupler

- =

T N ) )] ’_‘/

S L s
s A A Bl

@"rﬁﬁxmym;‘:’w Fovtr 11 \9-—ce|| ;aviﬁes ) ;:Ei

Input coupler

1.3 GHz Nb 9-cellCavities 16,024

Cryomodules 1,855
SC quadrupole pkg 673
10 MW MB Klystrons &

436 *
modulators

* site dependent

Approximately 20 years of R&D worldwide
- Mature technology, overall design and cost

B, A. Yamamoto



ERERDOEEE R
Number of parts of SC Cavity (to be EBW into 10 sub-parts)
#AB R B 5618

_ Total number of parts: 56
104E D &R & BUEICE S HEBW=48/

Number of EBW for 10 sub-parts: 48
%?E‘—A%’Tﬁ(EBW)Tﬁ"B EBW=Electron Beam Welding

0 20000 5030 5¢ 5¢ Ope

a—hIVRTIL—T 14

@a12E)
s @000 @aor®O W0
[ |1 Il \
a—hIVREIL 4@ HOM1 4@ 'f”/j’;yl\ E—L/(F
. HvI5—
FURL s (#R321E) &

2@
K—k 2@
EBW244Ff @ @ )
( x 8#A
| n

avyIVRyIL—7 14
(&8 &1 218)

EBW125 7 o. ) ' 0 ©® F 0@ 00
A.Yamamoto, e %? Wﬁ‘lﬁ_ udyHom2 4@
2014/10/20 E—Lus . &

HoR)L 4E

EI/7I/I~"Q}I/ 418




Mechanical Fabrication

Short end group

A

Final Assembly

—
A.Yamamoto, 2014

Long end group

ingring  dumbbell long end group

sHort end group

10/20
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A Standard Process Selected in
Iy Cavity Production and the Yield

Standard Cavity Recipe

Fabrication Nb-sheet (Fine Grain)

Component preparation

Cavity assembly w/ EBW (w/ experienced venders)

Process 1st (Bulk) Electro-polishing (~150um)

Ultrasonic degreasing with detergent, or ethanol rinse

High-pressure pure-water rinsing

Hydrogen degassing at > 600 C

Field flatness tuning

2nd Electro-polishing (~20um)

Ultrasonic degreasing or ethanol

High-pressure pure-water rinsing

Antenna Assembly
Baking at 120 C

Cold Test Performance Test with temperature and mode
(vert. test) measurement (15t/ 2" successful RF Test)
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,',’,‘: Surface Preparation (XFEL)

Buk EP of

(110 micron)

* Key processes
— Electropolishing
¢ 110um, 40um
— Ethanol rinse
— Baking (800° C,120° C)
— High pressure rinse (HPR)
— Frequency measurement
— Pressure testing / leak check
— Helium tank assembly

¢ ISO 4 clean room
required

— cavity passes 3x through
clean room (XFEL spec.)
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:]o Cavity/Cryomodule Fabrication

Hy

’ ~ Beampipe  LHetank
TwophaseHe 7y )

e o LI

;753 Vot =
DELA HOM Coupler
HE Frequeney uner

A.Yamamoto, 2014/10/20
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Z2iF-CM D& ETOEX

- ',’ bt Ju‘v)'j';"q
g <

HOM coupler

—

Purchasing Material/Sub-component ‘

Manufacturing Cavity ‘

Processing Surface

Assembling LHe-Tank ‘

‘ Qualifying Cavity, 100 % ‘

{ Cavity String Assembly ‘

‘ Cryomodule Assembly ‘

[ Qualifying CMs, 33 + 5 % |
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